In this paper a novel method is proposed and simulated to achieve 120 Gbps minimum shift keying (MSK) system by multiplexing three 40 Gbps MSK systems. Individual MSK signal is generated using Quad Mach Zehnder IQ modulator. Three 40 Gbps MSK systems are then multiplexed by using a 3 × 1 WDM Mux to obtain 120 Gbps MSK system.The final 120 Gbps MSK signal that is generated is then transmitted through a distance of 250 km through a combinations of single mode fiber along with dispersion compensation fiber and amplifiers. At the receiver section individual MSK signal is detected separately by demultiplexing the multiplexed MSK signal and from which the required signal is recovered through a balanced detector circuit. Error free transmission was achieved along 250 km single mode fiber. BERs are measured for both back to back and after transmission. Power penalty of around 15.5 dB, 10.5 dB and 9.5dB are observed for the individual channels.
Introduction
Utilization of bandwidth efficiently and to achieve high data speed is a major concern in communication system. Optical communication overcomes these drawback to a certain extent. Various techniques are available to achieve high data speed, bandwidth efficiency and also to drive the signal to a larger distance in optical communication system. MSK is preferred as an alternative to binary modulation format due to its compact spectrum, robustness against inter-symbol interference (ISI) due to tight optical filtering, continuous phase, suppressed side lobes 2, 3 . MSK modulation comes under the class of Continuous Phase Frequency Shift Keying(CPFSK) with 0.5 modulation index. MSK has constant envelop and during one bit time its phase changes by π/2 4 . Factors such as higher spectral efficiency compared to that of QAM and QPSK, and also retaining the same receiver sensitivity as that of DPSK, MSK can be thought of as a preferable advanced modulation format for future high speed and high spectral efficient optical communication system 5 .
Several external modulation schemes are available to generate MSK signal such as by conventional optical In-Phase Quadrature (IQ) modulator, PLC-based hybrid integrated asymmetric Mach Zehnder Modulator 2 . In case of PLC based asymmetric MZM, it has been found that once the system is fabricated the bit rate can't be changed. In this paper we used an approach where a quad Mach-Zehnder modulator i.e four sub MZM are monolithically integrated on the main Mach-Zehnder (MZ) structure to generate MSK signal 2 .
In 2 , the authors successfully generated MSK signal without any mention of distance coverage. In this paper we generated and simulated a 40 Gbps optical MSK system and implemented the proposed system to achieve 120 Gbps system by multiplexing three 40 Gbps MSK system and also recovered the signal at the receiver section. The 120 Gbps multiplexed MSK signal is transferred error free through a distance of 250 km in combination of Single Mode Fiber (SMF), Dispersion Compensation Fiber (DCF) and optical amplifier. The proposed model offers a higher bit rate and distance coverage compared to 2 . Fig. 1 shows the setup of the transmitter. The transmitter consists of four sub-Mach Zehnder modulator within a MZ superstructure 2 . Pseudo random binary data of length 2 10 − 1 with a bit rate of 40 Gbps is used at the transmitter side and the data is then feed to a pre-coder which is then split into even and odd sequences having twice the bit duration 6 . Next both the even and odd sequence bits are used to drive MZM 2 and MZM 3 respectively. In case of odd sequence bits before sending the data to MZM 4, the data is delayed by one bit duration. By suppressing orthogonally two CSRZ DPSK signal 2,7 with a one bit offset we are able to generate MSK signal. A sinusoidal signal having a frequency of one fourth of that of data rate is used to drive one of the inputs of MZM 1 and MZM 3 to generate two CSRZ signal in both the arms, only in Q-arm a phase difference of π/2 is incorporated before feeding into the MZM structure. A continuous wave laser having a frequency of 193.1 THz and 4 mW power is split into two halves to drive the other arm of both MZM 1 and MZM 3 respectively. The CSRZ DPSK signal at Q arm is again shifted by π/2 and is then added with the I-arm to generate the required MSK signal resulting in a continuous phase signal 2 . Here a Mach-Zehnder delay interferometer (with a π/2 phase shift between the arms and an one bit delay) is used before applying to balance detector which consists of two similar photo detectors. The output signals of the two photo detectors are then combined and passed through a low pass filter to get the desired data. Balance detection method is used to improve the sensitivity of the system. Finally a BER analyser is used at the receiver side to observe the BER and eye diagram after detection of the signal 8 .
Simulation Setup

Proposed Model
In the proposed setup as shown in the Fig. 3 three MSK Transmitter (as used in Fig. 1 ) are used which we already explained earlier. Each Transmitter is capable of generating 40 Gbps MSK signal. The frequencies of CW laser that are used in the setup are 193.1 THz, 192.2 THz and 193.3 THz respectively. In the proposed circuit 4 mW power is considered in all the CW lasers used. Three different random bit sequence of length 2 10 − 1 are used in the simulation process. Here individual optical transmitter generates 40 Gbps MSK signal. Finally these three signal are then combined by a 3 × 1 WDM Multiplexer to generate a 120 Gbps MSK signal.
The multiplexed MSK signal is then passed through a combinations of Single Mode Fiber (SMF), Dispersion Compensation Fiber (DCF) and optical amplifier totalling to a length of 250 km. Table 1 shows the different parameters that are chosen for SMF and DCF during simulation. After traversing the said length the multiplexed signal is demultiplexed by a 1 × 3 WDM de-mux to separate the individual signals. Now the individual signals are demodulated through a balanced detector circuit as used in Fig. 2 . Finally BER analysers are used to measure the BER values and to observe the eye diagram of individually signals. 
Results and Discussion
To investigate the performance of MSK signal, the system is designed using OptiSystem V.13 software. Fig. 4 shows the waveform of MSK signal at one arm of the WDM multiplexer which is centred around 193.1 THz. From the figure we can clearly see that the wave form is continuous in nature with respect to phase irrespective of what the value of the binary bit and having a constant envelope through out the time.
The simulated multiplexed optical spectrum of MSK signal is shown in Fig. 5 . It is clearly visible that the individual spectrum of MSK signal is having a narrow main lobe with reduced side lobes. Thus resulting in reduced cross talk from neighbour channels. Fig. 6 (a-c) shows the eye diagram of MSK signals observed at BER analyser after traversing 250 km at a bit error rate of 10 −9 . Jitters that are observed in the eye diagrams are due to tight optical filtering so as to achieve high spectral efficiency. Fig. 7 shows the bit error rate characteristics of individual signals after 250 km of transmission. It can be seen that even after traversing 250 km individual signals can be recovered as the received optical power are tolerable one and the eye diagrams are open enough even at BER 10 −9 . From Fig. 7 it can be seen that the receiver sensitivity at 10 −9 for back to back is around 16 dB, whereas for other channels they are 0.5 dB, 5.5 dB and 6.5 dB respectively. Power penalty between back to back and after transmission are around 15.5 dB, 10.5 dB and 9.5 dB respectively.
Due to the presence of non-linearity in optical fiber, when multiple signals are multiplexed and transmitted over a SMF there is a possibility of transfer of power from one wavelength to another one resulting in deterioration in the BER curve of that channel as in our case in channel 1. Also due to the use of DCF in the same scenario, the total dispersion in all the wavelengths are not exactly zero. Due to these factors there may be deterioration in BER curve which can be seen clearly in case of channel 1 in Fig. 7 
Conclusion
In this paper a new approach to generate 120 Gbps MSK signal using three 40 Gbps MSK signal by multiplexing technique is proposed. Through the process of Quad Mach Zehnder IQ modulator and balanced detection, individual MSK signals are generated and detected respectively. In the proposed model we are able to transmit the data error free through a distance of 250 km consisting of combinations of single mode fiber, dispersion compensation fiber and optical amplifiers. Also the power penalties are calculated and are found to be 15.5 dB, 10.5 dB and 9.5 dB respectively.
